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TiUei CHEMOTHERAPEUnC COMPOSITION AND NfEmOD 

CROSS REFERENCE TO REL ATED APPUCATIONS 
' This application claims priority to U5rPr6visioSal~]fl^Ua^tioirSeni 

60/lll/)19 aied December 4, 1998 and to U.S- Provisional Application Serial No. 
5 60/127320 filed April 1, 1999. 

tTClPQFINVPNTl lQN 

The present invention relates to a composition and method comprising 
Mycobacterium phlei (M. phlei)-DNA ^-DNA), M-DNA preserved and complexed 
on M. phlei cell waU (MCQ and a chcmothcrapeutic agent, wherein tiie M-DNA and 

10 the MCC are effective for treating cancer and for potentiating the antine<q>lastic effect 
of the chemotherapeutic agent cm die cancer, 
p ACKGKQUND OF THE INYENTIQN 

Cancer is an aberrant net accumulation of atypical cells, which results from an 
excess of proliferation, an insufficiency of cell death, or a combination of Ihe two. 

15 ProliferatiOTi is «he culmiruiti<m of a cell's progression through the cell cyde 

,and is diaracterized by replication of total cellular DNA and the division of cme cell 
into two cdls. For cell division, mammalian cells pass through an organized series of 
controHed events, referred to as the ceE cyde. The initiation of an event during cell 
cyde p rogre s sion is dq>endent on the successful completicm of an earlier event The cell 

20 cyde can be divided into 5 iru^orj^uises. These are GQ,Gj,SrG2 arid M DurxngtheGo 
phasCf are quiescent Most ceUs in the body, at any cme time, are in this stage. 
During the phase, ceils, responding to signals to divide, produce the RNA and die 
proteins necessary for DNA synthesis. During die S-phase (SB, early S-phase; SM, 
middle S-phase; and SU late Sybase) die cells replicate tfieir DNA. At tite end of 

25 tiieS phase, eadi cell contains twice its origmal DNA content but isstill bound by one 
external cell inembrane. During the G2 phase, proteins are elaborated in preparation 
for cell division. During the mitotic (M) phase, the cell divides mto two dau^ter 
cells. 

Alteraticnis in cell cyde progressicm occur in all cancers and may result from 
30 over-expression of gofies, mutation of regulatory genes or abrogation of DNA damage 
checkpoints, and may modulate the cellular response to treatment with 
chemotherapeutic agents (Hodihauser D, Anti-Cancer Chemotherapeutic Agents 
8.m 1997), 

Cell deaUi is effected by immune-mediators that initiate cytolytic processes 
35 and that promote apoptosis, and from apoptosis inducers that directiy initiate 
pathways leading to cdl death. Apoptosis is an active cellular death process 
diaracterized by distinctive morphological changes that indude condensation of 
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nuclear chromatin, cell dirinkage, nuclear disintegration, plasma membrane blebbing, 
and the formati n of membrane-bound apoptotic bodies (Wyllie el al. InL Rev. CytoL 
68:251, 1980). A molecular hallmark of apoptosis is degradation of the cell's nuclear 
I^A into oligonudeosomal-length fragments as the result of activation of endogenous 
5 cndonudeases (Wyllie A. Nahire 284555, 1981). 

Caspases have been implicated as key enzymes in the execution phase of 
apoptosis. The caspase family consists of at least fourteen related cysteine aspaitane 
proteases. AU the caspases contain a conserved QACXG (where X b R, Q or Q (SEQ ID 
NO. 1) pentapeptide active-site motif (Cohen G. Biochim. Biophys. Acta 1366:139, 

10 1997). A number of caspases are 'synthesized as inactive proenzymes, which are 
activated following cleavage at specific aspartate cleavage sites (Cohen G. Biochim. 
Biophys. Acta 1366:139, 1997) or as inactive enzymes that require association with 
regulatory molecules for activation (Stennicke et al. J. BioL Chem. 274:8359, 1999). 
Activation of the initiator procaspase activates downstream effector caspases 

15 triggering the cell death cascade (Pan et aL J. BioL Chem. 2735841, 1998; Eamshaw 
W. Nature 397:387, 1999). 

Most currently used chemotherapeutic agents are nonspedHcally cytotoxic. 
Many of these chemotherapeutic agents have toodc side effects, are debilitating and 
often compromise the quality of life of the patient Moreover, alterations in die 

20 transport and metabolism of chemotherapeutic agents by. the cancer cells result in die 
developmoit of resistance to the chemotherapeutic agents by the cancer cells. 

Therefore, there is a contintung need for novel compositions and methods that 
induce cell cycle arrest in cancer cells, that inhQnt proliferation oi cancer cells, that 
induce apoptosis in cancer cells and that potmtiate the antineoplastic effect of 

25 chemod>erapeutic agents on cancer cells. Moreover, such compositions should be ^ple 
and relatively inexpensive to prepare, their activity should remain therapeutically 
stable over time and they should be effective at dose regimens that are associated 
with minimal toxicity even upon repeated administration. 
SUMMARY OF THE INVENTION 

30 The preset inventim satisfies these needs by providing a composition and 

method comprising Mycobacterium phlei (M. phlei)-DUA (M-DNA), M-DNA 
preserved and complexed on M. phlti cell waU (MCQ. a chemotiierapeutic agent and 
a phannaceutically acc^table carrier, wherein the M-DNA and the MCC induce cell 
cyde arrest in cancer cells, inhibit proliferation of cancer ceDs, induce apoptosb in 

35 cancer cells and potentiate the antineoplastic effect of the chemotherapeutic agent on 
cancer cells. Moreover, M-DNA and MCC are simple and relatively inexpensive to 
prepare, their activity is reproducible among preparations, remains therapeutically 
stable over time, and is effective at dose regimens that are associated with minimal 
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X xicity even upon repeated admixustration. 

To prepare MCQ M. phki are grown in liquid medium and harvested. The M. 
phld are disrupted, and the solid components of the disrupted M. phlei are collected 
by centrifugal^edimentation. The^lld components are^di^rotemizedrdcdipida 
5 and washed. All reagents are selected to oihance conservation of DNA during MCC 
preparation. M-DNA is prepared from MCC or direcdy from M. phleu Again, all 
reagents are selected to enhance conservation of DNA during M-DNA preparation. 

A con^>o6iti(m comprising M-IWA, MCC, M-DNA + dtemotiterapeutic agent or 
MCC + chemotherapeutic agent is administered to an animal, including a humaxv 
10 having caiKer in an amount effective to treat dte caiKer in the arumaL The unexpected 
and surprising ability, of M-DNA and of MCC to induce cell cyde arrest in canca cells, 
to inhibit proliferation of cancer ceUs, to induce apoptosis in cancer cells and to 
potentiate the antineoplastic effect of d\emotherapeutic agents on cancer cells 
addresses a long felt unfulHlled need in the medical arts and provides an in^rtant 
15 benefit for animals, including humans. 

Another object of ^ present invention is to provide a composition and method 
that induces cell cycle arrest in cancer cells. 

Another object of the present invoition is to provide a ccnnposition aiui method 
: that inhibits proliferation of cancer cells. 
20 Anottier object of the present invention to provide a compositicm and method 

that potentiates die antineoplastic effect of a chemotherapeutic agent on cancer cells. 

Another object of the present invention to provide a composition and method 
that potentiates the effect of a chemotherapeutic agent on cancer cells by 
synchronizing the cell cycle of the cartcer cells. 
25 Anodier ol^ect of the present invention is to provide a compositim and method 

that potentiates the effect of a dtemotherapeutic agent on proliferaticm of cancer cells. 

Another ol^ect of the present invention is to provide a composition and method 
effective to treat cancer in an animal, including a human. 

Anottier object of the present invention is to provide a composition and method 
30 that potentiates the antineoplastic effect of a chemotherapeutic agent in treating 
cancer in an animal, including a human. 

AnoOier object of the present invention is to provide a composition and method 
effective to eliminate cancer in an animal, including a human. 

Anodier ol^ect of the present invention is to provide a cooqxxsiticm and method 
35 that potentiates the antineoplastic effect of a diemotherapeutic agent in eliminating 
cancer in an animal, including a htmian. 

Anodier ol^ect f the present invention is to provide a composition and method 
that induces cell cycle arrest in malignant melanoma cells. 
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Anolher object of the present invention is to proyid a composition and method 
that inhibits proliferation of malignant melanoma cells. 

Another object of the p resent invention to provide a composition and method 

that potentiates the antineoplastic effect of a chemotherapeutic agent on malignant 
5 melanoma ceils. 

Another object of the present inventicm is to provide a composition and method 
.that potentiates the antineoplastic effect of a chemotfierapeutic agent on cell cycle 
arrest in malignant melanoma cells. 

Another object of the present invention is to provide a composition and method 
10 that potentiates the antineoplastic effect of a chemotherapeutic agent on 
proliferation of malignant melancmia cells. 

Another object of d\e present invention is to provide a composition and mediod 
that induces apopotods in malignant melanoma cells. 

Another ol^ect of dm present invention is to provide a coxxqx)sition aiKi 
15 that activates caspases in malignant melanoma cells. 

Another object of the present inventicm to provide a composition and method 
, effective to treat malignant melanoma in an animal indudirig a humaxu 

Anodier object of the present invention is to provide a composttiim and mediod 
that potentiates die antineoplastic effect of a diemotherapeutic agent in treating 
20 malignant melanoma in an animal^ including a human. 

Another object of the present invention to provide a composition and method 
effective to eliminate malignant melanoma in an animal including a huinan. 

Another object of the present invention is to provide a composition and method 
that potentiates the antineoplastic effect of a chemotherapeutic agent in eliminating 
25 malignant melanoma in an animal including a human. 

Another ot^ect of the present invention is to provide a compositim and method 
that potentiates the effect of radiation in treating cancer in an animal including a 
himum. 

Anotiier object of the present invention is to provide a composition and metiiod 
30 that potentiates the effect of radiation in eliminating cancer in an animal^ irtduding a 
human. 

Another object of the present invention to provide a composition aiui method 
tliat potentiates the effect of radiotherapy on cancer cells by synduronizing the cell 
cycle of the cancer cells. 
35 Another c^ect of the present inventicm is to provide a composition tiiat can be 

prepared in large amounts. 

Another object of th present invention is to provide a composition that is 
relatively inexpensive to prepare. 
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An ther object f the present invention is to provide a composition that has 
reproducible activity among preparaticms. 

Another object of the present invention is to provide a composition that 
remains stable over time* 
5 These and other objects, features and advantages of the present invention will 

become apparent after a review of the following detailed description of the disclosed 
embodiment and the appotded claims. 
PWPf PESCCTTHQN QFTHEnCURES 

FIG. 1. Inhibition of B-16 melanoma cell division by MCQ M-DNA, sonicated 
10 M-DNA and herring sperm DNA. 

FIG 2. Inhibition of B-16 melanoma cell division by mitbmydn-C, MCC and 
mitomy div<: + MCC 

FIG3. Irdiibition of B-16 melanoma ceUdividcn by 5-fIuorourad], MCC and 5- 
fhiorouradl + MCC 

15 FIG. 4. Inhibition of B-16 melanoma cell division by dsplatin, MCC and 

dsplatin + MCC 

FIG. 5. S-phase assessment of B-16 melanoma cells (A) and S-phase assessment 
of B-16 melanoma cells after treatmoit with MCC (B). 

FIG. 6. Induction of apoptosis in B-16 melanoma cells by MCC and M-DNA. 
20 FIG 7. Induction of caspase-1 activity in B-16 melanoma cdls by MCC ' 

FIG. 8. Cytotoxicity of MCC 
DFTAILED DE SCiaFnON OFTHE INVENTION 

The present invention b a composition and method compris in g Mycobacterium 
pMd (M, phlei)'l>NA (M-DNA), M-DNA preserved and complexed on M. phld cell 
25 wall (MCQ, a chemotherapeutic agent and a phaxmaceuticaDy acceptable carrier, 
wherein the M-DNA and the MCC induce cell cyde arrest in cancer cells, inhibit 
proliferation of cancer cells, induce apoptosis in cancer cells and potentiate the 
antineoplastic effect of the diemotherapeutic agent on cancer cells. M-DNA and MCC 
are simple and relatively inexpensive to prepare, dieir activity is reproducible imnong 
30 preparations, remains therapeutically stable over time, and is effective at dose 
regimens that are associated with minimal toxicity even upon repeated 
administratioii. 

As used herein, "M-DNA" includes DNA isolated from M. phld diiectty and 
DNA isolated from MCC prepared from M. pUd. 
35 As used herein, 'TACX^ is M-DNA preserved and complexed on deproteinized, 

delipidated M. pJdei cell walL 

As used herein, "chemotherapeutic agent" is any ageiit approved by a 
regulatory agency of a country or a state government or listed in the U.S. 
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Pharmacopoeia or other generally recognized pharmacopoeia f r use in treating cancer 
in an animal including a human. 

As used hereiiv "antineoplastic" relates to preventing the developmentr 
maturation, proliferation and spread of cancer cells. 
5 As used herein, "potentiates" relates to a degree of synergism ttiat is greater 

than additive. 

As used herein, "synergism" relates to the coordinated action of two or more 
chemotherapeutic agents. 

As used herein, "enhances" relates to the additive action of two or more 
10 chemothenf>eutic agents. 

Methods to increase the therapeutic effectiveness of M-DNA and MCC 
include, but are not limited to, chemically supplementing or biotedmologically 
amplifying stimulatory sequences or confirmaticms of M-DNA and complexing tiie M- 
DNA, MCC M-DNA dtemotherapeutic agent and MCC + diemotfierapeutic agent to 
15 natural or synthetic carriers. Optionally, agents including^ but not limited to, 
immunological agents and receptor^inding agmts canbe induded in the M-DNA and 
the MCC 

M-DNA, MCC, M-DNA + chemotherapeuHc agent and MCC + 
chemotherapeutic agent are administered in a pharmaceutically acceptable carrier 

20 including, but not limited to, a liquid carrier and a solid carrier. Liquid carriers are 
aqueous carriers^ non-aqueous carriers or both and include, but are not limited to, 
aqueous suspensions, oil emtilsions, water in oil emulsions, water-in-oU-in-water 
emtilsions, site-specific emtdsions, long-residence emulsions, sticky-emulsions, 
microemuldons, i^oemulsions arui liposomes. Solid carriers are biological carriers, 

25 chemical carriers or both and include, but are not limited to, micropartides, 
nanopartides, microspheres, nanospheres, minipumps, bacterial cell wall extracts and 
biodegradable or non-biodegradable natural or synthetic polymers that allow for 
sustained release of the M-DNA, MCQ M-DNA + chemotherapeutic agent or MCC + 
diemotherapeutic agent Such polymers can t>e implanted in the vicinity of where 

30 delivery is required. Polymers and their use are described in, for example, Dreni et al, 
J. Neurosurg. 74:441-446 (1991). 

Preferred aqueous carriers include, but are not limited to, DNase-free water, 
DNase-£ree saline and DNase-free physiologically acceptable buffers. Preferred non- 
aqueom carriers tndudev tmt are not limited to, minerd oil or r^ 

35 not limited to, a diglyceride, a triglyceride, a phospholipid, a lipid, an oil and 
mixtures d«eof, wherdn the oil contains an appn^riate mix of polyui^turated and 
saturated fatty adds. Bcamples indude, but are not limited t , soyl>ean oil, canola oil, 
palm oil, olive oil and myglyol, wherein the number f fatty add carbons is between 12 
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and 22 and wherein the fatty acids can be saturated or unsahirated. OpUonaUy, 
charged Upid or phosphoUpid can be suspended in the neutral oil 

an example, M-DNA is suspended in DNase-free sterile w ater and Is 

sonicated at 20% output for 5 minutes (Model W-385 Sonicator, Heat System^ 
Ultrasonics Inc). OpHonally, the sonicated M-DNA is homogenized by 
miCTofluidization at 15,000-30.000 psi for one flow-through (Model M-llOY; 
Microfluidics, Newton, MA) and is transferred to an autodavcd, capped botUe for 
storage at 4*0 

In an example. DNasc free phosphatidylcholine is added to DNase free 
triglyceride soybean oil at a ratio of 1 gram of phosphoMpid to 20 ml of triglyceride 
and is dissohred by gcntk heating at 50»-60»C Several grams of MCC are added to a 
dry autodaved container and the phospholipid-triglyceride solution is added at a 
concentratioii of 20 ml per 1 gram of MCXl The saspenskm is Incubated at 20o C for 60 
min. and is then nuxcd with DNase-free PBS in the ratio of 20 ml MCC suspension per 
15 Kter of DNase-free PBS. The mixture is sonicated at 20% output for 5 minutes (Model 
W-385 Sonicator, Heat Systems-Ultrasonics Inc.). OptionaDy, the sonicated MCC 
mixture Is hmnogenlzed by microfluidization at 15,00O-3OX)0O psi f<» one flow-dmm^ 
(Model M-llOY; Microfluidics) and is transferred to an autodaved, capped bottle for 
storage at 4*C 

A diemotherapeutic agent can be added to UWA or to MCC before, during or 
after sonication or microfluidization or before or after storage. Moreover, other 
methods known to those skilled in the art for preparing deoxyribonudeic adds, 
bacterial cell wall extracts and chemottierapeutic agents for administration to an 
animal, including a human can be used. 
25 Further, M-DNA, MCC, M-DNA + diemotherapeutic agent and MCC +- 

diemotherapeutic agent can be used with any one, all or any combination of exdpients 
i^dfcss of dte carrier used to present the composition to the reading cells. Tliese 
indude, but are not limited to, anti-oxidants. buffers and bacteriostats, and may 
indude suspending agents, thickening agents and stabilizing agents. Stabilizing a^fots 
30 indude, but are not limited to, non-ionic and ionic polymers such as, for example, 
polyoxyetfiylenesoifoitan monooleate (Tween) or hyaluronic add. 

M-DNA, MCC, M-DNA + chemotherapeuHc agent and MCC + 
diemoflierapcutlc agent are administered to an animal having cancer In an amount 
, effective to induce ceU cyde arrest in cancer cells, to inhibit proliferation of cancer 
35 to induce apoptosis in cancer cdls and to potentUte the antineoplastic effed of 

the chem therapeutic agent on cancer cells. The chemotherapeutic agent can be 
administered before, at the same time as, or after adminisfration of Ae M-DNA or the 
MCC The chemotherapeutic agent used aiid the amount of M-DNA, MCC and . 



20 
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chemotherapeutic agent administered per dose, the number of doses and the dose 
schedule will depend on the type of cancer, the severity of the cancer, tfie location of 

thecancer and other clinical factors such as the size, wei^t and physical condition of 

the recipient and the route of administration and can be determined by the medical 
5 practitioner using standard clinical techniques and without undue experimentation. In 
addition, in vitro assays may optionally t>e employed to help identify optimal ranges 
fpr M-DNA, MCC, M-DNA + chemotherapeutic agoit and MCC + diemotherapeutic 
agent administration. 

Preferably, the amoimt of M-DNA administered is from about 0.00001 to 500 

10 mg/kg per dose, more preferably firbm about 0.0001 to 100 mg/kg per dose, and most 
preferably from about 0.001 to 40 mg/kg per dose. Freferably, the amount of MCC 
admixustered is from about 0.00001 to 500 mg/kg per dose, more preferably bom about 
0.0001 to 100 mg/kg per dose;, and most preferaUy firom about Q.001 to 40 xng/kg per d<w«. 
Preferably, the M-DNA content of the MCC fe between about 0.001 and 90 mg/100 mg 

15 dry MCC, more preferably between about 0.01 and 40 mg/100 mg dry MCC, and most 
preferably between about 0.1 and 30 mg/100 mg dry MCC. The protein content of the 
MCC should be less tfian about 20 mg/100 mg dry MCC and tfie extractable M-DNA 
should be at least about 45% of the dry weigjht of MCC 

Chemotherapeutic agoits include, but are not limited to, DNA-alkylating 

20 agents, anti-tumor antibiotic agents, anti-metabolic agents, tubtdin stabilizing agents, 
tubulin destabilizing agents, hormone antagonist agents, topoisomerase inhibitors, 
protein kinase inhibitors, HMG-CoA inhibitors, CDK inhibitors, cyclin inhibitor; 
caspase inhibitors, metaloproteinase inhibitors, antisense nudeic adds, triple-helix 
DNAs, nudeic adds aptamers, and molecular biologically modified viral, bacterial 

25 and extotoxic agents. 

DNA-alkylating agents irudude, but are not limited to, nitrosureas, heavy 
metal agents and cross-lirJdng agents; antitumor antibiotic agents indude, but are not 
limited to, mitomycin-C; antimetabolic agents indude, but are not lunited to, 5- 
fluorouradl and methotrexate; topoisomerase ii\hibiting agents include, but are not 

30 limited to, CPT-11; tubulin stabilizing agents indude, but are not limited to, taxol; 
tubulin destabilizing agents indude, but are not limited to, vincristine and vinblasitne; 
and., horm<me antagonist agents indude, but are xu>t limited to, tamoxifen. 

Preferably, the amount of diemotherapeutic agent administered per dose is 
from about 0.0001 to 1000 mg/m^ or from about aOOOl to 1000 mg/kg, more preferably 

35 frtxnaboutQ5to70mg/m2orabout05to7Dmg/kgandixK)stpreferab^ 
SOmg/xx^orabout 1 to50mg/kg; 

Routes for admirustrati n of the composition f tiie present invention indude, 
but are not limited t , ral, topical, subcutaneous, transdermal, subdermal, intra- 
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muscular, intra-peritoneal, intra-articular, intra-vesical, intra-arterial, intra-venous, 
intra-dennat intra-cnmial, intra-lesi nal, intra-tumoral, intra-ocular. intra- 
pulmonary, intra-spinal, placement within cavities of the body, nasal inhalation^ 
pulmonaxy inhalation, impression into skin and electrocorporati<m. D^>aKlinglcartKe~~ 
5 route of administration, the volume per dose is preferably about 0.001 to 500 ml per 
dose, more preferably about 0.01 to 100 ml per dose and most preferably about 0.1 to 50 

ml per dose. 

* 

The following examples will serve to furOier illustrate the present invention 
without, at the same time, however, constituting any limitation thereof. On &e 
10 contrary, it is to be dearly tmderstood that resort may be had to various other 
embodiments, modiBcations, and equivalents thereof which, after reading the 
description herein, may suggest themselves to those skilled in the art without 
departing from die spirit of the present inventicm and/or the sa^ of the appended 
claims. 

15 ls?{A^g^cl 

Prepartttum cfM-DNA and MCC from M. ph!ei 

M-DNA and MCC were prepared from M. phlei (strain 110) as described in 
Inteniational Patent Application No. PCT/CA9S/007^ whidi is induded by reference 
heretri. All reagents were selected to enhance conservation of the DNA. Unless stated 

20 otherwise, M-DNA and MCC were resuspended in DNase-free water or in a 
phannaceutically acceptable DNase*free buffer and soiucated at 20% output for 5 
minutes (Modd W-385 Sonkator, heat systems-Ultrasonics, Inc.), M-DNA and MCC 
did not contain endotoxins as determined using a limulus amebocyte lysate QCLrlOOO 
kit (BioWhittaker, WalkersviUe, MD). 

25 For DNase treatment, M-DNA and MCC were digested with 1 Intematiorud 

Unit of RNase-free DNase I (Life Technologies) for 1 hour at 25*C in 20 mM Tris HQ, 
pfi 8.4, 2 mM Mga2 and 50 mM KCL DNase I was activated by the additim EDTA to 

'i 

a final concentration of 23 mM and heating for 10 min at 65°C. DNase I digests bo& 
double stranded and single stranded DNA and provides almost total degradation of 
30 the DNA. 

EXAMPLE 2 

Preparation of ntycohacicrial DNA (B-DNA) and of mycobacterial DNA preserved 
and amtpkxed on mycobacterial cell wall (BCC) from species other than M. f*W 

BCC and B-DNA were prepared from mycobacterial spedes induding, but not 
35 limited to, M. vaccae, M. chdond, M. smegmatis, M. terrae, M. duvalii, M. hifecu/osts, 
M. bovis BCG, M. avium, M. Szulgai, M. scrofulaceimt, M, xenopi, M. kansaU, M. gastr, 
M. fortuitous and M. asiaticum as in Example 1. 
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EXA MTLE ? 

Cells and reagents 

Human Jurkat T cell leukemia cells (Jurkat), human promyelocytic HL60 

leukemia cells (HL-60), mitoxantrone resistant himian promyelocytic HL-60MX1 
5 leukemia cells (HL-60MX1), murine EL-4 lymphoma cells (EL-4) and murine B-16 
melanoma cells were obtained from the American Type Tissue Culture Collection 
(ATCC Rockville^ MD, USA) and were grown in mediimi recommended by the ATCC 
Unless stated otherwise, cells were seeded in 6 well flat-bottom tissue culture plates at 
concentrations of 5 X ICP to 1 X 10^ cells/ml and were maintained at 37*C for 24 to 72 
10 hours. 

Mitomycin-C, S-fluorouradl, dsplatin, methotrexate and herring sporm-DNA 
were obtained from Sigma Aldrich Canada (Oakville^ Ontario, Canada) 

Cell q/cle analysis 

15 Cell cycle stage was determined using a CYCLETEST™ PLUS DNA 

commercial kit (Becton DickinscHv San Jose, CA, USA). Briefly, nuclei from treated 
cells were obtained by dissolving the cell membrane in a nonionic detergent, 
eliminating the cell cytoskeleton and nuclear proteins with trypsiiv digesting the 
cellidar RNA with RNase, and stabilizing the nuclear chromatin with ^imine. 

20 Propidium iodide was added to ttie cell nud^ and their fluorescence was analyzed in a 
flow cytometer equipped with electronic doublet discrinunation capability 
(FACSCalibur, Becton Dickinson). Acciunulaticm of cells in GO/G|, S (SB, SM, SL) or 
G2/M phases of the cell cycle was analyzed using MODFIT LT software (Verity 

Software House Inc., Topsham, MA, USA). Results are expressed as percentage of cells 
25 in each phase of the cell cyde. 

EXAMTLES 

SynchronizaHan cf cell populations with methotrexate 

To synchronize cell populations, exponentially growing cells were-incubated in 
tissue culture medium containing 0.04 to 0.16 pM metfiotrexate (MIX) for 20 hours. The 
30 MTX medium was removed, ceDs were washed ectensively witti phosphate buffered 
saline (PBS), £resh medium was added, incubation was continued for 8 hours and cell 
cyde aruJysis was performed as in Example 4. 

EXAMTLEfi 

Istduction cf cell cycle arrest in syndhrmoushf dtviding cancer cdls by MCC 
35 Exponentially growing Jurkat, HL^, HLr60MXl and EL-4 cells^ at 1 X 10^ 

cells/mi, and B-1 6 cefls, at 3 X 10^ cdls/ml, were prepared for analysb as in Exan^le 5 
with 0, 1 0 and 1 00 ^g/ ml of MCC in dte MTX medium. 

Table 1 sh ws that MCQ at both 10 arul 100 |ig/m], induced arrest at the 



Application No. 09/857,332 
' CONFIDENTIAL 



11 



SL+G2M phase of the celt cycle in synchronously dividing Jurkat HL-60MX1, 
EL-4 and B-16 cancer cells. Accumulation of cells in the SL+G2M phase was 

accompanied by a reducticTrCf cdb in^^^^ GO/G|+SE phase or in the GO/G ;+$E and_ 
SM phases of the cell cycle. 

Induction of ceU cycle arrest in synchronously dividing cancer cells by MCC 





PERCTNTAGE OF CELLS IN EACH PHASE | 




MTX alone 


MlX + MCClOMg/ml 


MIX+MCClOOpg/ml i 


Cells 


C^Gj+SE 


SM 


SL+G^M 


GqGj+SE 


SM 


SLfGjM 


G^Gj+SB 


SM 


SLfGjMl 


Jukat* 


44.6 


253 


30.1 


35.6 


17.6 


433 


29.4 


21.0 


49.6 1 




183 


18.4 


633 


73 


73 


85^ 


6.6 


7.4 


86.0 1 


B-16 


48.3 


5.4 


463 


38.3 


5.9 


553 


31.2 


8.1 


60.7 1 




503 


24.2 


253 


48.1 


24J2 


27.7 


35.3 


24.7 


40.0 1 


HL-6 0 
KDCl^ 


46.1 


353 


18.4 


41.4 


30.7 


273 


38.0 


25.1 


36.9 




^0.16uMorco.04pM 



These data demonstrate that MCC induced arrest in synchronously dividing 
cancer cells, including HL-60MX1 cancer cells, which display atypical multi- 
10 chemotherapeutic agent resistance, altered topoisomerase n catalytic activity and 
reduced levels of topoisomerase n alpha and beta proteins (Harker et aL Carter Res 
49:4542-4549, 1989). 

Induction of cell cycle arrest in synchronously dividing Jurkat leukemia cells by MCC 
15 and DNase I-treated MCC 

Exponentially growing Jurkat leukemia cells, at 1 X 10* cells/ml, were 
prepared for analysis as in Example 5 with 0 and 10 |ig/ml of MCC and 10 ^g/ml 
DN2^ 1-treated MCC in die MTX medium. 

Table 2 shows ^t MCC induced arrest at the SL+G2M phase of the cell cycle 
20 in synchroxdzed Jurkat cells. Accumulation of cells in the SL'fG2M phase was 
accompanied by a reduction of cells in the GO/G|+SE phase or in the GO/G|+SE and 

SM phases of the cell cycle. Table 2 also shows that DNase I-treated MCC did not 
induce ceil cycle arrest in syxurhronously dividing Juricat cells. 
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Induction of cell cycle anest in synchronously dividing Jxukat CeUs by MCC 
ar.clby-BNs3cI-frc2tsdMCC 





PERCENTAGE OF CELLS IN EACH PHASE j 




NTDP + MOCOpg/ml 


MTX + MOClOjig/ml 


MTX+MCC+Dnase 1 10 jig/ml 1 


1 Cells 


GqGj+SE 


SM 


SL4G2M 


GqGj+SE 


SM 




GqGj+SE 


SM 


SL+GjM 


jhtirkat 


43.0 


25.6 


31.4 


34.9 


11.4 


53,7 


36.7 


26.0 


■ 

373 



»MTX = a08|iM 



5 MCC is M-DNA preserved and complexed on M. phki cell waU and DNase I 

digests ihe M-DNA of MCC Iheiefore, that DNase I treated MCC did not induce 
arrest in synchronously dividing Juikat leukemia cells demonstrates the importance of 
M-I^A for MCC induction of cell cyde arrest in dividing cancer 

EXAMPLES 

10 Induction cf cdl cyde arrest in cttttccr cells by AiCC 

Exponentially growing JurkaC HL-60, HL^MXl and EL4 cells, at 1 X 106 
ceUs/ ml, and B-16 cell$, at 3 X 1(5 cells/mL were prepared for aiudysis as in Example 5 
in d)e absence ctf MDC and in the presence of 0, 10 axKl 100 ^g/ml of MCC 

Table 3 shows that MCC at both 10 and 100 ^g/ml, induced arrest at the 
15 SL+G2^ phase of tfie cell cycle in asynchronously dividing Jurkat, HLr60, HL-60MX1, 
EL-4 and B-16 cancer cells. ' Accumulation of cells in the SL+G2M phase was 
accompanied by a reduction of cells in ttie GO/Gi¥SB phase or in the GO/Gi+SE arkd 
SM phases of the cell cyde. 

Tables 



20 Induction of cdlcyck arrest in asynchronoiistydividirig cancer cells by KfCC 





PERCENTAGE OF CELLS IN EACH PHASE 1 




MCCOpg/ml 


MCClOpg/ml 


MCClOOMg/ml 


Cells 


GqGj+SE 




SL+GjM 


GqG^+SB 


SM 


SUGjM 


G^Gj+SE 


SM 


SL+GjM 


Jukat 


47.2 


ia7 


42.1 


31.8 


113 


56.7 


34.1 


11.9 


54.0 


ELr4 


55.6 


15.8 


29.6 


47.2 


14.8 


38.0 


44.3 


12.8 


42.9 


B.16 


64.2 


9.4 


26.4 


65.8 


6.6 


27.6 


61.9 


7,3 


30.8 
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HL-60 


64.0 


8.6 


27,4 


54.8 


9.8 


35.4 


49.5 


7.8 


42.7 


HL60 


56.4 


11.3 


323 


45.3 


8.0 


46.7 


43.3 


93 


47.4 


MXl 







MCC induced arrest in asynchronously dividing cancer cells, including in HL- 
60MX1 celb, which display an a typical multi-chemotherapeutic agent resistance, 
altered topotsomerase II catalytic activity and reduced levels of topoisomerase 11 
alpha and beta proteins (Haricer et aL Cancer Res 49:4542-4549, 1989). 
5 EXAMPLES 

Induction of cell cycle arrest in Jurkat leukenda cells by M-DNA, MCC and DNase J- 
treated MCC 

Exponentially growing Jurkat leukemia cells, at 1 X 10^ ceils/ml, were 
prepared for aiudysis as in Example 5 in the absence of MTX and in the presence 200 
10 ng/ml M-DNA, 10 >ig/ml MCXZ and 10 >ig/ml of DNase I-trealed MCC 

Table 4 shows that M-DNA and MCC both induced arrest at the SL+G^ 

phase of the cell cyde in asyiKhronously dividing }urkat cells. Accumulation of celb in 
SLKi^ phase was aooHnpanied by a reduction of cdls in GO/Gi4SE and SM {biases of 
the cell cyde. Table 3 also shows that; after DNase I treatment, MCC induced less cell 
15 cyde arrest in asynchronously dividing Juzkat cells. 



Induction of cell cyde arrest in asynchrcmously dividing Jurkat leukemia ceOs 
by M-DNA, MCC and DNase I treated MCC 





PERCENTAGE OF CELLS IN EACH PHASE 




No Treatment 


M-DNA 200 Mg/ml 


gceiis 




SM 


SL+CjM 


GqGi+SE 




SL+G2M 


^Jurkat 


35.2 


9.1 


55.7 


20.2 


4.0 


75,8 


















MCClO^ig/ml 


MCC -h Dnase 1 10 ^g/nil 


[cells 


GqGi+SE 


SM 


SL4C2M 


GoG]-fSE 


SM 




|jurkat 


22.9 


4.9 


72.2 


32.1 


73 


60^ 1 



M-DNA and MCC induced cell cycle arrest in asynduonously dividing Jurkat 
20 dells. MCC is M-DNA preserved and complexed on M. pUei cell wall and DNase I 
digests the M-DNA of MCC Therefore, that DNase I breated MCC induced less arrest 
in asynchroanously dividing Jurkat cells again demonstrates the importarKe of M-DNA 
for MCC induction of cell cyde arrest in dividing cancer cells. 
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EXAMPLE10 

Inhibition of B-16 melanoma cell proliferation by MCC, M-DNA, sonicated M-DNA 

and herrin g s perm-DNA 

Exponentially growing B-16 melanoma celb, at 3 X 10^ cells/ml, were prepared 
5 for analysis as in Example 5 in the absence of KfTX and in the presence 1 to 100 ^g/ml 
MCC, M-DNA or M-DNA sonicated for 20 min on ice in a Model W-38 ultrasonic 
.processor (HeatSystems-Ultrasonics, Inc) to reduce oligonucleotide leng^ and herring 
spenn-DNA. 

As shown in Hgure 6, at 1 Hg/ml^ MCC inhibited proliferation about 25%, M- 
10 DNA about 5%, sonicated M-DNA' about 10% and herring sperm-DNA 0%. At 10 
lig/ml MCC inhilnted proliferation about 50%, M-DNA about 30%, sonicated M-DNA 
about 25% and herring sperm-DNA 0%. At lOQ yig/ml, MMC inhibited proliferation 
about 80%, M-DNA and sonicated M-DNA about 50% and herring sperm-DNA about 
5%. 

15 MCC, M-DNA and sonicated M-DNA each inhibited proliferation of 

asynduonously dividing B-16 melanoma cells, whereas herring sperm-DNA did not 
, trdiibit proliferation of asyiidiroiKmsly dividing B-16 mdarioma cell^ 

EXAMPLE 11 

Inhibition cf B-16 melanoma cell proliferation by diemotherapeutic agents ± MCC 

20 Malignant melanoma Is among tiie most diemotherapy-refractory carKers and 

many chemotherapeutic agents do not appear to modify the prognosis of tfiis disease. 
Melanoma derived cells lines also demonstrate significant resistance to most 
diemotherapeutic agents, suggesting the preserKie of intrinsic cellular redstance. This 
resistance may be mediated by mechanisms induding, but not limited to, P- 

25 glycoprotein, the glutathione/glutathione S-transferase system multi- 
chemotherapeutic agent resistance-associated protein, mutated N-Ras, Bd-2 and p53 
oncogenes and topoisomerase n enzyme (Serrone et aL Mdanoma Res. 9:51, 1999). 

B-16 mdanoma cdls, at 3 X 10^ cells/ml^ were incubated for' 72 h widi the 
chemotherapeutic agents mitomydn-C, 5-fluorouracil and d^latin in die abserice and 

30 in the presence of MCC Cell proliferation was determined using dimethyltiiiazol- 
diphenyltetrazolium bromide (MTT) reduction (Mosman et aL Journal of 
Immunc^ogicalMethods 6555-63, 1983). After 72 h, 20 pi (tf MIT in culture medium was 
added to each weU and incubated for 3 h. Medium was tfim aspirated botn each wdt 
100 \d of acidified isopropyl alcohol was added to eadi sample and reduced MTT was 

35 solubilized by mixing. The absorbency of the reaction product was determined usr^ an 
ELISA microplate reader at a wavelength of 570 nm. 

B-16 melanoma cells were incubated with 0.01 to 100 pg/nd of mitomydiv^ 
with 1 to 100 pg/ml of MCC and with 0.01 to 10 pg/ml of mittmiydn-C + 1 ^/rrU M^ 
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Mitomydn-C is an anti-tumor antibiotic produced by Strcpttmiyces caespitosus, which 
cross-links DNA^ depolymerizes DNA and forms free radicals. 

Figure 2 shows that, with B-16 cells, 0.1 Jtg/ml mitomydn-C inhibited 
proliferation about 5%, 1 >ig/ml about 10%, and 10 and 100 Jig/mi 100%, whereas 1 
5 |ig/ml MCC inhibited proliferation about 25%, 10 jig/ml about 50% and 100 ^ig/ml 
about 80%. Figure 2 also shows that, in the presence of 1 iig/ml MCC, 0.1 ^g/ml 
mitomydn-C inhibited proiiferaticm about 40%, 1 |ig/ml about 65% and 100 ^g/ml 
100%. These data show that MCC potentiates the antineoplastic effect of milomydn- 
C on proliferating cancer cells. 

10 B-16 melanoma cells were incubated with 0.01 to 100 ^g/ml of 5-fluorouradl, 

with 1 to 100 (ig/ml of MCC and witfi 0.01 to 10 ^g/ml of 5-fluorouradl + 1 ^g/ml MCC 
5-fhioro\iracU is an antimetabolite, which interferes with DNA and KNA synthesis. 

Figiire 3 shows that, wOi B-16 celk, O.Ol^g/ml 5-fluorouraci] inhibited 
proliferation about 8%, 0.1 ^g/ml about 50%, 1 ^g/ml about 90%, and 10 and 100 ^g/ml 

15 100%, whereas 1 )ig/ml MCC inhibited proliferation about 25%, 10 Mg/ml about 50% 
and 100 ^g/ml about 80%. Hgure 3 also shows that in die presence of 1 |ig/ml MCC, 
0.01 ^g/ml 5-fhiorouradl Inhibited proliferation about 75%, 0.1 |ig/ml about 85%, 1 
lig/ml about 90% and 10 |ig/ml 100%. These data show MCC potentiates the 
antinec^lastic effect of 5-fluorouracil on proliferating cancer cells. 

20 B-16 melanoma cells were incubated with 0.01 to 100 pg/ml of dsplatin, witti 1 

to 100 [ig/ml of MCC and with 0.01 to 10 ^g/ml of dsplatin + 1 |ig/ml MCC Osplatin 
is an alkylating agent that cross-links DNA and inhibits I^A precursors. 

Figure 4 shows that, with B-16 cells, 0.01 (ig/ml dsplatin ir\hibited 
proliferation 0%, 0.1 |ig/ml about 8%, 1 pg/ml about 62%, 10 ^g/ml about 90% and 100 . 

25 Jig/ml 100%, whereas 1 |ig/ml MCC inhibited proliferation about 25%, 10 ^g/ml about 
50% arkl 100 |ig/ml about 80%. Figure 4 also shows tha^ in the presence of 1 ^g/ml 
MCC, 0.01 ^g/ml dsplatin inhibited proliferation about 40%, 0.1 ^g/ml about 50%, 1 
^g/ml about 70% and 10 jig/ml about 90%. These data show that MCC enhances the 
antineoplastic effect of dsplatin on proliferating career cells. ^* 

30 Table 5 shows the concaitrations of mitomydn-C, S-fluorouradl, and 'dsplatin 

required for 50% inhibition of B-16 melaiK>ma cell division in the absence and in the 
presence of 1 ^g/ml MCC 

laklfil 

Concentraticm of mitCHnycuvC, 5-fluorouracil and dsplatin required for 50% inhibition 
35 of B-1 6 mekmoma cell proHf era tion in tlie absence and in the presence <rf 1 mg /ml MCXI 
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Treatment 
1 




Drug Alone 


E)nig + MCC at 1 mg/ml 


1 MCC ' 


— 10 


Not applicable 


1 Cisplatin 


0.6 


0.16 1 


1 S-Fluorouradl 


0.12 


0.005 1 


1 . Mitomydn-C 


2.2 


0.12 1 



^concentration for 50% inhibition 



Table 5 shows the dose dependent inhibition of B-16 cell melanoma 
proliferation by MCC at 10 to 100 ng/ml (IC5o=10 ng/ml) and by mitomydn-C, 5- 
fhjoroxiradl and dsplatin at 0.1 to 10 pg/ml (LC^Z2, 0.12 and 0.6 jig/ml respectively). 
5 Table 5 also shows tfiat 1 \i$/xrl MCC potentiated mitomydn-C (LCs(f=0A2 (tg/ml) and 
S-fluorouradl (IC5o=0.005 ftg/ml) inhibition of B-16 melanoma cell proliferation and 
that 1 |ig/ml MCC enhanced dqplatin (IC5(pO-16 ng g/ml) inhibition of B-16 melamnna 
proliferation 

. Ihese data show that MCC not only inhibits caiurercen proliferation, bitt also 
10 ' potentiates tlie antineoplastic effects of mitomydn-C and S^orouradl on cancer ceQ 
proliferation and enhances the axitineoplastic effect of cisplatin on cancer cell 
proliferation. 

Induction cf apopfosis in B-16 mehmoma cdls by MCC and M-DNA 
15 Fragmentation of cellular DNA into nucleosome-sized fragments is 

characteristic of cells undergoing apoptosis (NeweU et al. Nature 357:286-289, 1990). 
To assess DNA fragmentaticm, B-16 cdls were lysed with 05 ml of hypotonic lysing 
buffer (10 mM Tris buffer, 1 mM EDTA, 0.2% t-octylphenoxypolyethoxyethanol (Triton 
X-100), pH 7.5). The lysates were centrifuged at 13,000 g for 10 min and the 
20 supexnatants, containing fragmented DNA, were predpitated overnight at -20*C in 
50% isopropanol and 0.5 M NaCL The precipitates were collected by centrifugation 
and were analyzed by dectrophozesis in 0.7% agarose geb for 3h at lOOV. 

B-16 melanoma cells, at 3 X 10^ cells/ml, were incubated for 72 h with 1 ^g/ml 
M-DNA (Hgure 6, lane 1) and with 100 (lane 2), 10 (lane 3) and 1 jig/ml MCC (lane 4). 
25 M-DNA and MCC treated B-16 melanoma cells showed significant DNA 
fragmentation, whereas untreated B-16 melanoma cells (Figure 6, lane 5) showed no 
DNA fragmentaticm. A 1234ip DNA ladder (Gibco life Sdenoe) was used to determine 
the molecular wdght of the nudeosome-sized DNA fragments (Hgure 6, lane L). 
These data show that M-DNA and MCC induce apoptosis in B-16 melanoma cells. 
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EXAMPLE 13 

Activation of caspase-l in B-26 melanoma cells by MCC 

Int erleukin-l-c onverting enzyme (ICE/caspase-1) is a cysteine protease 

involved in the sequential activation of the caspase cascade required for apoptosis. 
5 ICE/caspase-1 is rapidly and traiwiently activated by various pro-apoptotic stimiilL 
To determine if MCC can directly activate the ICE/caspase-1, the effect of MCC on 
ICE/caspase-1 activity was assayed in B-16 melaiKnna cells, 

B-16 melanoma cells,, at 3x 10^ cells/ml, were plated in 6 well tissue culture 
plates in a volume of 1 ml and were incubated for 3 h with 1 to 100 ^g/ml MCC The 
10 ceUs were washed, lysed in 50 mM HEPES, pH 7.4, 100 mM NaQ, 0.1% H3- 
* cholamidopropyl)dimetiiylammoniol-l-propane-Sidf wiatc (CHAPS), 10 mM DTT, 1 
mMEDTA and 10% glycerol and centrifuged at 11,000 g for 10 minutes. ICB/caspase-1 
activity in the supernatant was determined using the fhiorogouc syndietic substrate Z- 
tyr-val-aIa-asp[OMe]-7-ainino-4-methylooumarin [ Calbiochem # 6 88225]. 
15 Fluorescence was determined at an excitation wavelengtf\ of 400 nm and an emission 
wavelength of 505 nm. 

As shown in Hgure 7, incubation B-16 mdanoma cells with MCC resulted in 
a significant dose-dependent increase in ICE/caspase-1 activity, whereas incubation of 
B-16 melanonu ceDs without MCC resulted in no change in ICE/caspase-1 activity. 
20 PCAMPLE14 

Cytotoxic effects of MCC on malignant melanoma cells 

Cell cytotoxicity is characterized by the loss of plasma membrane integrity 
and release of cytoplasmic enzymes such as, but not lindted to, LDH (Phillips et aL 
Vaccine 14:898-904). 

25 To assess the cytotoxicity of MCC B-16 melanoma cells were incubated for 48 h 

with 100 ng/ml MCC or witfi lysing buffer (10 mM Tris, 1 mM EDTA, 0.2% Triton X-100, 
pH 7J5) as a control for total LDH release (FUion et al. BioSiim Biophys Acta 
1329-345-356,1997). LDH was determii^ l>y cornmcrdal assay (Sigma-Aldridi). 

As shown in Figure 8, MCC was not cytotoxic to the B-16 melanoma cells. Jhese 

30 data demonstrate that MCC does not act by disrupting the membrane of the cells, but 
that MCC acts directly on ttie B-16 melarKima cells to induce apoptosis. 

Effects cfM'DNA, MCC and DNase I treated MCC on B-16 melanoma ttimors in mice 

B-16 melanoma cells are implanted subcutaneously into 20 male nude BALB/c 
35 mice and allowed to grow for 10 days. Ihe mice are divided into 4 groups arui ttmior 
mass is measured in each mouse. On day 0, Group 1 mice receive saline. Group 2 mice 
receive MCC, Group 3 mice reoeiv M-DNA ai\d Group 4 mice receive DNase I treated 
MCC After 4 weeks of treatment, the mice are sacrificed and tumor mass is measured. 
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Group 2 and Group 3 ixuce have kss tumor mass than Gioup 1 and Grotj^ 
tumors in mice 

5 B-16 melanoma cells are implanted subcutaneously into 30 male nude BALB/c 

mice and aUowed to grow for 10 days. The mice are divided into 6 groups and tumor 
mass is measiu^ in each mouse. On day 0, Group 1 mice receive saline. Group 2 mice 
receive M-DN A, Group 3 mice receive MCQ Group 4 mice receive mi tomyctn-C Group 5 
mice receive M-DNA and mitomydn-C and Group 6 mice receive MCC and mitomycin- 

10 C After4 weeks of treatment, the mite are sacriHced and fhe hmior mass and number of 
metastases are determined. Group 1 mice have the most tumor mass. Gra«q> 4 mice have 
less tumor mass than Group 1 mice. Group 2 and Group 3 mioe have less tumor mass ttian 
Group4mice. Group 5 and Group 6 mice have tfie least tumor mass. 

It should be tmderstood, of course, that the fbregdng relates only to a preferred 

15 embodiment of the present invention and that ntnnerous modifications or alterations 
may be made dierein without departing from the spirit and the scope of the invention 
as set forth in the apperkLed claims. 
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CLAIMS 

Claims 1-18 have been cancelled. Claims 19-32 are pending. 

19. (New) "A composition comp*ising~j^ 

chemotherapeutic agent, wherein the M-DNA potentiates the anti-cancer activity of the chemotherapeutic 
agent in treating cancer in an animal having cancer, 

20. (New) A composition comprising Mycobacterium phlei cell wall (MCC) and a 
chemotherapeutic agent, wherein the MCC potentiates the anti-cancer activity of the chemotherapeutic 
agent in treating cancer in an animal having cancer. 

2 1 . (New) A composition comprising Afycobacterium phlei DNA (M-DNA) preserved and 
complexed on Mycobacterium phlei cell wall (MCC) wherein the composition is useful in treating cancer 
in an animal having cancer. 

22. (New) The composition of Claim 2 1 , further comprising a chemotherapeutic agent. 

23. (New) The composition of Claim 22, wherein the chemotherapeutic agent is selected 
from the group consisting of DNA cross-linking agents, DNA depolymerizing agents and antimetabolic 
agents. 

24. (New) A method of treating cancer comprising administration of the composition of 
Claim 19 and a pharmaceutically acceptable carrier to an animal having cancer. 

25. (New) A method of treating cancer comprising administration of the composition of 
Claim 20 and a pharmaceutically acceptable carrier to an animal having cancer. 

26. (New) A method of treatmg cancer comprising administration of the composition of 
Claim 21 and a pharmaceutically acceptable carrier to an animal having cancer. 

27. (New) The method of Claim 24, wherein the composition induces cell cycle arrest in 
cells of the cancer, inhibits proliferation of cells in the cancer or induces apoptosis in cells of the cancer. 
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28. (New) The method of Claim 25, wherein the composition induces cell cycle arrest in 
cells of tfie cancer, inhibits proliferation of cells in the cancer or induces apoptosis in cells of the cancer. 

29. (New) The method of Claim 26, wherein the composition induces cell cycle arrest in 
ceU5^of thejcancer._inhibits prolifera tion of cells in the cancer o r induces a po ptosis in cells o f the c ancer. 



30. (New) The method of Claim 24, wherein the cancer is selected from the group 
consisting of leukemia, lymphoma and melanoma. 

31. . (New) The method of Claim 25, wherein the cancer is selected from the group 
consisting of leukemia, lymphoma and melanoma. 



32. (New) The method of Claim 26, wherein the cancer is selected from the group 
consisting of leukemia, lymphoma and melanoma. 



Application No. 09/857 332 
CONFIDENTIAL 



CD 2 

LL O 
O 



o 



o 



< 

111 



CO 

> < 

— z 

LU o 

< o 




o o o o o o o 

CM O CO CD CM 



UOjSIAlP 
1|90 lOJJUOO o/o 



Application No. 09/857,332 
CONFIDENTIAL 




Application No. 09/857.332 
CONFIDENTIAL 




Application No. 09/857,332 
CONFIDENTIAL 



4/9 

o 




UOISjAjp 
||90 lOJJUOQ 



Application No. 09/857.332 
CONFIDENTIAL 



5/9 




FIGURE 5A 
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